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ABSTRACT          Whereas in anthropology the application of the new methods is predominantly
taken at random and is characteristic of basic research, in forensic medicine the objectives,
motives and results of osteological research are of prime interest, due to its role in criminology
and administration of justice. Because of the significance of professional assessments in judicial
verdicts, it demands the application of the most modern methods of analysis that can later
on be recommended as practical methods used in both palaeoanthropological analyses and
research work. With his scientific achievements the author indicates how the forensic medical
profession promoted historical anthropological research and in return how classical anthro-
pology (anthropometry) promoted forensic medical expertise work, among others the
identification of skeletons of unknown origin, and also how scientific achievements can
mutually be used for the benefit of the development of both fields.
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Forensic medicine is an interdisciplinary science which in
everyday practice applies all the knowledge that medical
sciences, widely speaking the natural sciences, have accepted
as reliable and scientifically solid facts or processes, and
qualitative or quantitative definitions with the help of which
accurate and reliable statements can be made. This is also
true for other fields of sciences and it can be a true statement
with the restriction that in forensic medicine only those
factual data, scientific knowledge and professional processes
can be applied as methods of analyses which meet the
requirement that it has to comply with the present state of
science and its application cannot be offended or rejected.
These statements are closely connected to significant indi-
vidual and social interests. On the basis of groundless
forensic medical statements incorrect judicial verdicts may
be brought. Unfortunately, mistakes and “professional
accidents” may occur even with the most meticulous forensic
medical examinations that are called “iustice mord” cases in
legal practice. We can come across with news in the press that
in the United States someone was sentenced to death on the
charges of rape and murder, and analyses have now proven
that the crime in the indictment had not been committed by
the person who was sentenced on the basis of an unfounded
and mistaken verdict has already spent 35 years in prison.
Thirty five years ago DNA analyses were not yet possible.
These new and modern analyses are capable of proving the
identity of the person who committed the crime on the basis
of the DNA characteristics of the sample taken from the
vagina. If these characteristics do not coincide with the DNA
characteristics of the indicted person, he cannot be the one
who committed the rape.
Nowadays there are categories of crime where the coop-
eration of forensic medical experts is vital, e.g. DNA analyses
in parentage cases; individual personal identification cases
with the help of the analyses of the DNA, biological traces,
body discharge, skeleton and bones; seduction cases (where
the offended party is a 14-year-old girl) where the DNA
analysis of the nonviable fetus resulting from the arterficial
abortion of the unwanted pregnancy can identify the rapist.
In accordance with the criminal procedural law a forensic
medical expert has to be hired in cases it is necessary to judge
a fact that needs special expertise. In general in the various
criminal cases the analyses of bones and skeletons of uniden-
tified persons need the peculiar expertise with which the
decision-making person in criminal investigation and admin-
istration of justice does not possess. The examination of
bones found in “suspicious” circumstances can be such a
case, e.g. if in the prime approach it has to be determined
whether a bone is of human or animal origin. If it is undoubt-
edly of animal origin, it will not fall within the interest of the
administration of justice but if it is of human origin, it has
to be further analysed to determine its “chronological age”
and its age in ordinary sense.
In Hungarian legal practice and jurisdiction crimes
become forfeited after 20 years. In case of finding of a
skeleton the forensic medical expert’s prime task is to
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determine whether the bones got to the place of finding prior
to this date or after it. War crimes do not become forfeited
in accordance with the current laws, therefore, bones or mass
graves originating from the years of the Second World War
may be important in the aspect of a crime or criminal
investigation. It is more frequent, however, that skeletons are
found in building sites and are most certainly not remains of
crimes. Skeletons are often unearthed in and around Szeged
during excavations that are considerably eroded, yellowish
coloured, impregnated with lime salts and are most likely
“several hundred years old”. Obviously, these bones fall
outside the field of interest of forensic medicine.
Yet, they are the cases that await answers and where two
professions (forensic osteology and anthropology) meet
paleoanthropology and paleopathology in practice because,
regarding their working methods, the two sciences do not
differ considerably. It is only the subject and the objective of
the examination that mostly differ.
Forensic medical and osteological examinations are
restricted to skeletons buried or placed in strange conditions
where the most important task is to identify the person and
the conditions and the cause of death (Kósa et al. 1994; Kósa
1995). They are always “fresh”, i.e. recent bones and when
determining the individual characteristics like height, sex,
age, etc., the same methods are applied that anthropologists
have developed and apply regularly in the case of paleo-
anthropological findings. In this respect the two fields are not
separated by the methods of examination but by the substra-
tum and objective of the examination.
If there is no significant difference between the methods
of examination in the two fields, the knowledge of the
professionals and their spheres of interest cannot differ
considerably either.
As to the persons performing the examinations, it is the
customs of the given state, its jurisdiction and the training
system at university level that play a decisive role. In Europe,
especially in German speaking territories and in the regions
under its influence, including Hungary as well, it is the
forensic expert (regularly forensic pathologist) who performs
examinations of bones for the court and has appropriate
training and theoretical and practical knowledge based on
regular work, which qualifies him for the job. In case of
hidden and concealed murders (defence) mostly decom-
posed, frequently skeletonized bodies are found. The forensic
pathologist has to be familiar with the questions to be
answered and the applicable methods.
In the United States of America, the examination of
skeletonized bodies and parts of skeletons or even full
skeletons are entirely different from criminological point of
view. Such examinations are carried out by specially trained
forensic anthropologists, who is generally not a physician but
a biologist. The solution of the problem is more or less the
same. The approach is from an opposite direction, the
direction of two interdisciplinary professions and later on it
developed on the basis of skills and professional practical
expertise.
On the basis of the interdisciplinary character of the
profession it is not strange if forensic anthropologists also
take part in the paleoanthropological research work as I have
been doing it for years cooperating with Hungarian and
foreign anthropologists.
For this reason, the content of the title of my lecture is not
only true regarding to what extent and in what form the
anthropological research results are applied in forensic
medical practice but on the other hand, shows how forensic
medical osteological research work have aided the develop-
ment of anthropology.
Societies need the application of effective means and
interventions to push back crimes and to decrease their
negative effects on individual citizens and entire societies.
Unfortunately, the means of criminals are often ahead of the
effectiveness of the means and persons available in criminal
investigation and administration of justice. Even if crimi-
nology as the science of criminal investigation is not always
lagging behind crimes, it has to show special determination
to reveal and repress crimes with increasingly thorough
examinations that are committed with the help of new
scientific achievements in a very refined way. Due to the
cases that need a special, unique and individual approach,
forensic osteology and anthropology provide those impulses
for the development of classical anthropology that make
scientifically sound answers possible to questions arising
even in such cases (Kósa 1990a, 1993a, 1993b, 1993c,
1993d, 1993e, 1993f).
Fortunately, in Hungary and in Western-European coun-
tries the “death sentence” is abolished. Apart from this,
however, due to the weight of his professional opinion on the
basis of which even the strictest verdict could be reached, the
responsibility of a forensic medical expert has always been
greater than that of a paleoanthropologist who may have been
mistaken regarding the sexes of skeletons when unearthing
a cemetery.
After outlining such relationships and thoughts, let me
present some of the most interesting episodes of my forensic
medical research work that did not only contribute to the
increase of the level of forensic medical work but at the same
time widened the range of methods applicable in historical
anthropology (Marcsik 1992; Farkas et al. 1994; Kósa et al.
1994; Antal et al. 1994; Kósa and Tiszlavicz 1997). It did not
happen differently in my case either than it is indicated by
the cooperation of the two professions. The motivations, the
ideas and the research plans for my osteological research
work have been provided by the actual forensic medical
problems occurring in practice. My paleoanthropological
activity and scientific cooperation with others also started
with and was made continuous by my anthropologist friends
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who asked me special and unique questions that could
provide new information for paleoanthropology itself on the
basis of the results I achieved in earlier research work (e.g.
application of histological and scanning electron microscopic
methods to determine causes of pathological osseous defor-
mations, change in the inorganic content of bones, the time
of lying in the ground, i.e. the absolute chronology of bones
and the scanning electron microscopic examination of the
dentine structure of teeth to determine individual age, etc.).
The significance of descriptive anatomical
and anthropological examinations
I have been engaged in forensic osteology for about 35 years.
My first publication was published in 1965 in the field of
fetal bones, which was followed by many others that provid-
ed the material for my thesis of candidacy (Ph.D.), which I
defended in 1971. As co-authors, Professor Fazekas and I
wrote a book about our examinations that was entitled
“Forensic Fetal Osteology” and published by the Publishing
House of the Academy of Sciences in 1978. In this encyclo-
paedic book of 414 pages we summarized all the knowledge
that can occur in the practice of forensic medical and histor-
ical anthropological examinations of the fetal skeleton. In this
work we have developed one major field of forensic and
historical anthropology and provided knowledge that has
been long needed as compared to the previous knowledge
and practice (Fazekas and Kósa 1978).
Under the editorship of Professor H. Hunger and D.
Leopold a book of 520 pages entitled “Identifikation” was
published in 1978 in which I was asked to write a chapter of
40 pages about the forensic medical examination of fetal
bones (Kósa 1978).
I wrote about the forensic medical and anthropological
analysis of fetal bones in the chapter called “Age Estimation
from Fetal Skeleton” of a book entitled “Age Markers in the
Human Skeleton” that was edited by Professor Y. Iscan
(Florida Atlantic University) in 1989.
In 1992 the noted English odontologist, D. H. Clark
published a significant work on individual personal identi-
fication. One chapter of it was written by Professor J. G.
Clement and myself (Clement and Kósa 1992).
One of the greatest representatives of German forensic
osteology asked me to write a chapter in his book called
“Identifikation unbekannter Toter. Interdisciplinare Metho-
dik, forensische Osteologie” that was published as the 22nd
volume of Criminological Working Methods in Medicine and
Natural Sciences (Kósa 1998). The chapter of 52 pages called
“Knochen des Feten und Neugeborenen” summarises all the
expertise that are useful and exemplary for a forensic medical
expert and a paleontologist in the analysis of fetal bones.
Apart from the age determination of a fetus, the chapter deals
with the working methods aiming at the determination of the
sex in the fetal period and the race of the fetus based on the
anthropological characteristics of white and black skeletons
(Kósa 1998).
The objective and methods of the
structural examination of human bones
and teeth
The determination of the individual and chronological age of
the bones is a field of forensic osteology and historical
anthropology that needs a great deal of theoretical and
practical expertise and has greatly developed recently, due to
the latest new analytical methods. With it the reliability of
forensic medical proving based on the examination of bones
has considerably increased. We carried out several exam-
inations at the Department of Forensic Medicine, University
of Szeged. Forensic osteological research work was support-
ed and given priority by the Ministry of Health in the periods
of 1976-80 and 1981-85. Then we developed cooperation
with the associate institutes of our university, e.g. the Central
Research Laboratory, Institute of Medical Chemistry as well
as institutes outside the university, like the Biological
Research Centre of the Hungarian Academy of Sciences, the
Department of Anthropology and Mineralogy at University
of Szeged and the Institute of Computer Sciences at Uni-
versity of Debrecen.
In 1991, I defended my academic doctoral dissertation
entitled “The individual and chronological age of human
bones” on the basis of my extensive scientific work in the
field of the examination of bones and teeth.
For a long time individual age determination was only
possible on the basis of the morphological (macroscopic
anatomy) features of bones and teeth and the changes caused
by aging. The analysis of the elements of “hard” tissues were
made possible partly by new information gained by the
analytical observations of the previous structure and partly
by the increased technical level of modern laboratory tests.
During these examinations significant relationships indi-
cating ages were found in the materials, structure and sizes
of bones and teeth that are suitable for age determination.
Apart from the metric methods, we applied modern
instrumental laboratory methods like the atomic absorption
spectrophotometric analysis of the elements forming bones,
the light microscopic, polarization optical, microradio-
graphic, thermogravimetric, scanning electron microscopic
and electron microprobe analysis of the structural changes of
bones and teeth, the quantitative determination of amino
acids forming collagen in connection with the organic
substance of bones, etc. The results of my forensic anthro-
pological research can be divided into 4 groups:
Metric and structural analysis of fetal bones
While forensic osteology (in general the anthropological and
forensic medical examination of adult bones) has developed
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into a growing special field of medical sciences, the develop-
ment of forensic fetal osteology has been lagging behind.
Before our systematic examinations there were no practical
methods applicable for all fetal bones with the help of which
the age of a fetus could be determined on the basis of the
bone sizes.
In forensic medicine it frequently happens that in case of
abortion or the murder of a newborn baby only the skeleton
or some of its parts can be found and examined. In such cases
the age of the fetus in the womb has to be decided on the
basis of the bone sizes, i.e. how many lunar months old the
fetus was and whether it was born immature or mature.
It happened quite frequently that it was the fetal skeletal
sizes necessary for the practical examinations that were
missing in literature (Toldt 1882; Szász 1938; Siebert 1941;
Saettele 1951; Landois 1986). For this reason, the age of the
fetus in lunar months provided a problem or was only
possible with greater tolerance of miscalculations.
In the literature there are calculation methods (Langer
1872; Balthazard and Devieux 1921; Olivier and Pineau
1960) that with the help of formulae on the basis of certain
bone sizes (mainly the sizes of the diaphysis of the limbs) can
estimate the age of the fetus with reasonable accuracy. These
methods, however, do not always provide reliable data on the
age of the fetus. The field of their applicability is limited and
cannot be applied in cases when the limbs are missing. For
this reason, there was a need for a method that makes it
possible to determine the age of the fetus quite accurately on
the basis of any other fetal bone sizes that are available during
the criminological investigation.
In order to eliminate the inaccurate statements resulting
from the few data on skeletal sizes in literature we carried out
the examinations that have led to the correct and systematic
determination of fetal bone sizes (Fazekas and Kósa 1965a,
1965b, 1966a, 1966b, 1966c, 1966d, 1967a, 1967b, 1967c,
1967d, 1969, 1978; Kósa 1969, 1978, 1974; Kósa and
Fazekas 1972a, 1972b, 1973a, 1973b, 1973c) With the help
of these data the body length and the age of the fetus can be
determined accurately, if needed.
In order to determine the body length and age on the basis
of bone sizes we measured 48 different bones of skeletons
of 138 human fetuses (71 male, 67 female) born of pregnan-
cies of III-IX lunar months. Usually two (or more) sizes were
measured, while taking into account the most characteristic
anatomical points. During the measurement of a fetal skele-
ton 80 bone sizes were determined, i.e. we made a total
number of 11,040 measurements. We have developed 4
methods of determination any of which can accurately
determine fetal body length and age. These methods are as
follows:
- comparison of the examined bone sizes to the data in the
tables published;
- determination of the body length and the age by using
ratios;
- determination of body length and age with regression
diagrams;
- determination of body length and age with the so-called
fast method on the basis of the ideal relationship between a
few bone sizes and the body length (Kósa 1969; Fazekas and
Kósa 1978).
We examined the development of the forms of the fetal
bones on the basis of which – without any metric data – we
can estimate a phase of development of a fetus, e.g. the
beginning of viability or the time of reaching maturity, etc.
(Kósa and Fazekas 1972a, 1972b).
We carried out regression examinations on the basis of the
bone sizes to determine the sex of the fetuses and applied
multivariant discriminant analysis.
By relating the length and depth of the incisura ischiadica
to each other, as well as to the length of the os ilium and the
femur an index could be determined from the regression
equation which can be used 70-80% successfully in the
determination of the sex of the fetus when determined on the
basis of the skeleton (Fazekas and Kósa 1969).
With the modern mathematical statistical methods our
aim was to provide a more reliable method for the determi-
nation of the sexes of fetuses. During these examinations we
set up 21 indices for the expression of morphological charac-
teristics on the basis of 12 sizes of the ilium (lengths and
widths of the os ilium, the incisura ischiadica, the articular
surface of the acetabulum, the os ischii and the os pubis and
the length of the sacral edge and the supra-articular edge of
the os ilium) and 3 sizes of the limbs (the length of the
humerus, radius and femur). The sizes of the ilium were
determined on 42 skeletons of fetuses and newborn babies.
Using the metric sizes and the indices of male and female
fetuses in the multivariant discriminant analysis the determi-
nation of the actual sexes was successful in 72.12% of the
cases.
According to the discriminant functional analysis, only
four of the examined factors play a role in the determination
of sexes.




M6 = width of the articular surface of the acetabulum,
14 = incisura ischiadica index / os ilium index,
17 = length of the os ilium / length of the incisura
ischiadica,
120 = length of the incisura ischiadica + length of the
articular surface of the acetabulum + length of the supra-
articular edge of the os ilium / length of the insicura ischi-
adica.
According to this, if the received value in the range from
0-(+4) shows an average value of 0.7634, it is a male fetus,
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whereas if the received value in the range from 0-(-4) shows
an average value of –1.2723, it is a female fetus (Kósa 1993e,
1995a).
During the morphological and structural examination of
the fetal bones we carried out polarization optical and micro-
radiographic tests. With a polarization microscope we can
conclude on the double fraction of the bone structure as well
as the own double fraction of the individual structural
elements from which we can draw safer conclusions about
the developmental state of the bone than it was possible
before (Clement et al. 1987; Mojzes et al. 1979) by traditio-
nal histology.
We simultaneously carried out microradiograph exam-
inations on the same bone samples. With this method the
structural changes of the age group in the tubular fetal bones
can be traced more accurately than on traditional histological
sections (after decalcification). The development of the
osteonic structure, the appearance of regular osteones, their
number and their relationship to their basic substance clearly
indicate the different phases of fetal development (Clement
et al. 1987).
The atomicabsorption spectrophotometric examination of
fetal bones in the case of fragmentary skeletons or if the
bones are burnt can provide reliable information for the
determination of the age of the fetus. From the changes in the
compound of the inorganic substances of fetal bones the
individual age can be estimated (Kósa et al. 1980).
We examined the inorganic substances (Ca, Na, K, Mg,
Fe, Zn. Mn, Cu, Pb) of the bone samples taken (by sawing)
from the diaphysis of the femur of 27 male fetal skeletons and
71 female skeletons from the fetal bone collection of our
Department with atomicabsorption spectrophotometric
method. It was only the Ca that indicated significant rela-
tionship between the inorganic content and the age (P<0.05).
Racial differences on fetal bones
In 1991 I spent 3 months in the Smithsonian Institution and
carried out metric and comparative anatomical (anthro-
pological) examinations on the fetal bone collection of the
Anthropological Institute of the National Museum of Natural
History (NMNH) in Washington D.C. The examinations
resulted in the new scientific achievements that major racial
morphological differences within the two main races (be-
tween the Caucasoid and the Negroid) can be indicated as
early as in the fetal or newborn period. Prior to my exam-
inations no data existed about it in the literature of physical
anthropology.
Regarding the skulls, the most characteristic racial
differences are on the squama of the temporal bone and the
frontal process and the palatine surface of the maxilla, the
vomer, lateral plate of the cranial part of the occipital bone
(pars lateralis ossis occipitalis) and the basal area of the plate
of the occipital bone.
The race of the unknown fetus or newborn baby can be
determined by taking into account the characteristics of both
the intact skull and the individual bones of the skull on the
basis of the referred morphological characteristics during the
anthropological examinations and in the cases occurring in
forensic medical practice (Kósa 1991a, 1991b, 1992c, 1993b,
1994a, 1994b, 1996).
To demonstrate morphological differences we only show
the formal characteristics of the temporal bone. The squama
of the temporal bone of white fetuses is regular semicircular
(Fig. 1), whereas those of black fetuses are similar to a
rectangle (Fig. 2). In case of a mixed type (mulatto) the
dominant manifestation can be seen (Fig. 3). It means that
the curved form of the upper edge of the squama is dominant
in white fetuses, whereas the “flatter” form of the squama is
characteristic of black fetuses.
With this new anthropological knowledge in the exam-
ination of an unknown fetus and a newborn baby the signif-
icant fetal characteristics can be taken into consideration just
as they are generally given an expert opinion about during
the identification of an adult skeleton. In the case of fetuses
the body length also indicates age, therefore, if apart from
this important characteristic we can refer to the sex and the
main race, the conclusions drawn from the examinations are
as exact as in the case of the examination of adult bones.
Examination of adult bones
According to our examinations the determination of inor-
ganic content in bones can support the determination of the
changes in the bone structure and the degree of decom-
position.
We used various (tubular and flat) bone samples of 20
skeletons buried 14-25 years before that were exhumed
Figure 1.  Squama of the temporal bone of a white fetus.
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during the relocation of a cemetery (Földes et al. 1982). The
bone samples (compact substance of the diaphysis of the
femur) of 100 dissected corpses were used as a standard
(control) group and so were 38 bone samples of 200-3000
years old skeletons originating from archaeological exca-
vations.
We determined the Ca, Na, K, Mg, Fe, Zn, Mn, Cu and
Pb content of bones examined with atom absorption spectro-
photometric method. The Ca, Na, K and Mg content as
compared to the control group did not show a major differ-
ence (P>0.01). The Fe and Mn concentrate in bones, howev-
er, increased significantly. The “indicative metals” impreg-
nated the bones. They could be found in much greater
concentrate in the spongiosa of looser compound than in the
compact one (Kósa et al. 1992).
According to our examinations, in direct ratio with the
time they spent lying in the ground the spongiosa/compact
ratio of the impregnated elements is a characteristic feature
in the determination of the chronological age of the bone
finding (Kósa et al. 1979a, 1980b; Földes and Kósa 1980;
Kósa et al. 1982).
The thermogravimetric (derivatographic) examination of
historical anthropological bone samples was a reliable
method for the determination of the chronological age of
bones (Kósa et al. 1982). In the practice of forensic medicine
the method is not applicable in the practice of forensic
medicine because there is no difference between the fresh
adult and fetal bones in the weight loss in % during a time
unit, depending on the steady increase of temperature (Kósa
1983). At the same time there is no significant difference
between the sexes in the derivatogramms either. Neither did
the derivatographic examination of a skeleton buried 55 years
ago differ significantly from the average value of the deri-
vatogramms of fresh bones (P>0.05).
After the electrical decalcification and hydrolyzation of
bone samples forming a chronological line we determined
the amino acid concentrate of structural proteins with
automatic amino acid analysis (Kósa et al. 1985). The amino
acid contents of the samples change with the chronological
age. From the quantitative changes of certain amino acids
(alanine, glycine, proline, tyrosine, valine, glutamine acid)
conclusions can be drawn on the chronological age of bones.
In recent bones the changes are not significant (P>0.05).
The atomicabsorption spectrophotometric examinations
showed that in corpses buried in metal coffins it was not the
inorganic materials of the earth but the materials of the coffin
that had impregnated in the bones. The Zn content showed
a 9.21-fold increase, as compared to the concentrate of fresh
bones, and the Mn content showed an 18.2% increase, which
changes are significant (P<0.05).
The rather high concentrate of metallic elements in the
bones of those buried in zinc coffins makes the proving of
poisoning with such poisons doubtful (Földes et al. 1982).
In bones originating from wartime mass graves there is
increased Fe and Mn content. The Fe content can reach a 50-
fold increase, which means the one-sixth of the concentrate
in the ground sample. These changes can be considered in a
way that in case of exhumation within 15 years’ time the
change in the Mn content of bones is the best “indicator” for
the determination of chronological age (Kósa et al. 1989).
We carried out chemical and structural examinations in
order to determine the individual age of adult bones, i.e. to
determine the age of unknown persons. We determined the
inorganic content (Ca, Na, K, Mg, Fe, Zn, Mn, Cu, Pb) in the
compact substance of the femur of 100 (52 male, 48 female)
corpses taken by random from the collection of our Depart-
Figure 2.  Squama of the temporal bone of a black fetus.
Figure 3. Squama of the temporal bone of a mixed-typed (mulatto)
fetus.
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ment with atomicabsorption spectrophotometric method. We
did not find any significant sexual and age difference in the
inorganic content of bones for the examined elements
(P>0.05) (Kósa et al. 1992).
During the scanning electron microscopic examination of
human bones we used Kerley’s method for the individual age
determination, which the author had originally developed for
the traditional histological light microscopic examination
(Kósa and Farkas 1992).
The scanning electron microscopic analysis provides a
method as reliable for the age determination on the basis of
the examination of bones as the traditional method. Its
advantage is that with a sufficient laboratory background the
examination can be carried out immediately, without any
lengthy laboratory preparation on the surfaces of fractures in
the bone samples (Kósa et al. 1992; Kósa 1990).
With electron microprobe analysis we determined the
calcium and phosphor concentrate and the Ca/P ratio of
weight in the compact substance of the sample taken from
the right femur of 25 persons of different age and sex (Kósa
et al. 1989).
There is a close relationship between the Ca/P ratio of
weight and the age that makes possible that during the
forensic medical and paleoanthropological examinations it
can be applied successfully in the estimation or determination
of the individual age.
Forensic odontological examinations
The special field of forensic odontology is the determination
of individual age on the basis of the examination of teeth
(Kósa 1993).
Teeth, similarly to bones, are of one of the most durable
human tissues resistant to traumatic and post mortem chang-
es. At the same time the macroscopic, microscopic and
structural chemical analysis of teeth may provide equally
valuable information on individual age as it was experienced
in the case of bones (Kósa et al. 1983; Marcsik and Kósa
1989).
The age-dependent phenomenon of transparency on the
root of teeth is suitable for the determination of individual
age on both recent and historical anthropological materials.
During the stereomicroscopic analysis of the sizes of the
dental canals (canalis dentis) at a magnification of x24 and
x100 we examined the characteristics, sizes and number of
openings of the dental canals at the root tip (Kósa and Antal,
1989).
We took X-ray photos of the examined teeth and then in
the projected pictures at a certain height of the root (in
cervical, central and special parts) we measured the radii of
the dental canals and the root at the same height as well as
the length of the projected teeth. We found that the secondary
dentin development results in a change in size that correlates
with age. With the help of such data any given person’s age
can be estimated at least as accurately as with any other
regressive phenomenon on the teeth.
In order to determine the sizes (numbers and diameters)
of the dentine tubules we used scanning electron microscopic
examinations. Apart from the diameter of the dentine tubules
we analysed their density and the basic surface area of the
total cross-section of the dental tubules in an area of the same
size in µ2 in which relation the structural relations of the
dentine tubules according to age groups were significant
(P<0.01).
Age can be estimated reasonably on the basis of the
overall size of the basic surface area of the dentin tubules,
therefore, the method can be applied in forensic medical
practice (Kósa 1984).
We also used scanning electron microscopic (SEM)
analyses in the study of the finer structure of the dentine
substance that is characteristic of younger age (Kósa 1984).
The homogenous structure of the inter-tubular substance
of the dentine on the teeth of elderly people (above 50 years
of age) changes to a granule basic substance of loose
structure. An expressed calcification, a hypermineralization,
develops around the few tapering dentine tubules. On the
basis of the SEM analyses of the dentine substance of teeth
structural changes characteristic of the age can be seen with
the help of which the age of the given person can be estimated
as correctly as on the basis of the other macroscopic
phenomena of teeth that can be considered on the basis of
the Gustafson method (Kósa 1993b).
During the atomicabsorption spectrophotometric analyses
of the inorganic content of teeth we determined the Ca, Na,
K, Mg, Fe, Zn, Mn, Cu, Pb and Li elements. The concentrate
of inorganic elements in teeth is significantly higher than in
bones and this difference is significant in the case of all the
elements (P<0.05) (Földes et al. 1981).
During the electron microprobe analysis of teeth we
managed to prove that in the hypermineralized area around
the dentine tubules the Ca/P ratio of weight is higher than in
the basic substance between the tubuli. The electron micro-
probe analyses provide a good opportunity for the individual
age determination on the basis of teeth (Kósa et al. 1990;
Kósa 1993a, 1995b).
Historical anthropological analyses of bones
We applied macroscopic, microscopic and scanning
electron microscopic examinations in the case of historical
anthropological bone findings in order to clarify the patho-
logical processes of the cribra orbitalia. We found in the
morphological, histological and (scanning)electron micro-
scopic examinations that the three forms of the poroticus
hyperostosis can be traced back to a general pathological
process, even in the appearance of transitional forms. The
early stage of the bone deformation as part of a disease of the
same aetiological basis is porous, the median is cribriform
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and the serious stage is trabecular (hyperostosis spongiosa).
In the aetiology the primary and secondary diseases of the
haematopoietic organs can be included (Marcsik and Kósa
1976; Marcsik et al. 1984).
The fractures on the bone findings from historical ages
may indicate the living conditions, the treatments of injuries,
the conditions of the occurrence and the effectiveness of
treatments or even the cultic customs of peoples living those
days.
The fractures of the limb, the nasal bone, the clavicle and
the rib available in our collection heeled without any func-
tional damage. These results can only be explained with the
hypothesis that people already knew and successfully applied
the prime principle of the fixing and splinting of the injured
limbs (Marcsik and Kósa 1978, 1982).
From paleodemographic aspect the fetal bones may also
play a role in the determination of infant mortality in the
earlier historical ages. We could acquire valuable paleode-
mographic data if during historical anthropological exca-
vations more emphasis were put on the examination of fetal
bones and bones of newborn babies and infants. In this paper
of ours we wished to draw attention to the importance of the
thorough examination of fetal and infant bones (Marcsik and
Kósa 1988).
We performed the paleoserological examination of 77
individual bone samples excavated from 105 graves orig-
inating from approximately the 9th century with inhibition-
absorption and absorption-eluation methods (Kósa and
Marcsik 1989). In the case of 67 skeletons we repeatedly got
identical results whereas in 10 cases the serological results
were uncertain. On the basis of the 67 “certain” determi-
nations the received gene frequency value (p = 0.2015, q =
0.3430, r = 0.4555) differed significantly from the gene
frequency value of the population in the region of the present-
day Szeged and neighbourhood (P<0.01).
The individual personal identification on the basis of a
photo and a skull (superimposition) always presents many
difficulties and professional problems especially if the skull
is fragmentary (Kósa and Kelemen 1983). We carried out the
identification of an unknown corpse in an advanced state of
decomposition with the superimposition method and the
comparative analyses of two- X-ray photos of the skull and
computer aided video-superimposition (Kósa 1994a; Kósa et
al. 1995).
The individual developmental variations of the frontal
cavity are identical with the previous X-ray photos, which
makes a safe personal identification possible (Kósa and
Kelemen 1983).
The results of my osteological and odontological research
and forensic anthropological activities can be summarized as
follows:
- With the examination of fetal bones we have developed
a complex method that can successfully be applied in foren-
sic medical and historical anthropological analyses that did
not exist previously, and that is suitable for the determination
of body length and age, sex and race on the basis of bone
sizes as well as for the determination of individual age on the
basis of the structural and chemical analyses of bones. These
methods have been widely applied internationally in the
fields of forensic medical practice and historical anthro-
pological research.
- The results of our examinations aiming at the determi-
nation of the individual ages of adult bones and teeth by help
of modern instrumental technology (atomicabsorption
spectrophotometric, scanning electron microscopic, electron
microprobe, micro radiographic analysis etc.) make individ-
ual age determination possible in a wider range even in cases
when the fragmented bones do not allow other (e.g. anthro-
pometric) methods.
During our examinations aiming at the determination of
the absolute chronology of bones (the time spent lying in the
ground) we developed new laboratory methods that can be
applied in forensic medical and anthropological research
with greater accuracy and success than it was possible with
previous methods.
References
Antal A, Farkas I, Kósa F (1994) Electron microprobe analyses of burnt
teeth for age determination. XVI. Congr Internat Acad Legal Med and
Social Med, Strasbourg, France, 31 May-2 June Abstr, p. 166.
Balthazard V, Dervieux (1921) Etudes anthropologiques sur le foetus
humain. Ann Méd Lég 1: 37-42.
Castellana C, Kósa F (1999) Morphology of the cervical vertebrae in the
fetal-neonatal human skeleton. J Anat 194: 147-152.
Clement J G, Kósa F (1992) The fetal skeleton. In Clark DH, ed., Practical
forensic odontology. Wright-Butterworth-Heinemann, Oxford, 43-52.
Clement J G, Kósa F, Botha CT (1987) Human bones and teeth before birth.
11. Meeting of J.A.F.S. Vancouver B.C. Canada, August 2-7, J Can Soc
Forensic Sci (spec. Edition), Abstr. 20:192.
Farkas I, Antal A, Kósa F (1994) SEM and electron microprobe analyses
of the structural and physical state of teeth exposed to heat. XVI. Congr
Internat Acad Legal Med and Social Med, Strasbourg, France, 31 May-
2 June, Abstr, p. 164.
Fazekas I Gy, Kósa F (1978) Forensic fetal osteology. Akadémiai Kiadó,
Budapest.
Fazekas I Gy, Kósa F (1969) Geschlechtsbestimmung bei Feten auf Grund
des Hüftknochenmabe. 143:49-57 and 106-118.
Fazekas I Gy, Kósa F (1967a) Bestimmung der Körperlänge und des Alters
menschlichen Feten auf Grund des Schädeldachknochenmabe. Dtsch
Z ges gerichtl Med 60:149-162.
Fazekas I Gy, Kósa F (1967b) Bestimmung der Körperlänge und des Alters
menschlicher Feten auf Grund der Schädelbasisknochenmabe. Dtsch
Z ges gerichtl Med 60:48-60.
Fazekas I Gy, Kósa F (1967c) Bestimmung der Körperlänge und des
Lebensalters menschlicher Feten auf Grund der ersten Hand, und ersten
Fussmittelknochenmabe, sowie der Gröbe des Atlas und des Epis-
tropheus des Wirbelbogens. Dtsch Z ges gerichtl Med 61:29-36.
Fazekas I Gy, Kósa F (1967d) Bestimmung der Körperlänge und des
Lebensalters menschlicher Feten auf Grund der Gröbenmabe der
Gesichtsknochen. Dtsch Z ges gerichtl Med 61:13-28.
Fazekas I Gy, Kósa F (1966a) Measurements of the human fetal ribs. Data
187
Forensic anthropology (osteology and odontology)
about the determination of the body lenght and age based on the
measurements of the ribs. Acta Med leg soc (Liege) 19:135-144 and
231-234.
Fazekas I Gy, Kósa F (1966b) Données récentes pour la détermination de
la longeur et de l’age d’embryons humaine d’apres les dimensions des
os du bassin. Ann Méd lég 46:334-347.
Fazekas I Gy, Kósa F (1966c) Recent data and comparative studies about
the body lenght and age of the fetus on the basis of the measurements
of the clavicle and shoulder blade. Acta Med leg soc (Liege) 18:307-
325.
Fazekas I Gy, Kósa F (1966d) Détermination de la taille des embryons d’
apres la dimension du radius. Ann Méd lég 46:262-272.
Fazekas I Gy, Kósa F (1965a) Neuere Beiträge und vergleichende Unter-
suchungen von Feten zur Bestimmung der Körperlänge auf Grund der
Diaphysenmabe der Extremitätenknochen. Dtsch Z ges gerichtl Med
58:142-160.
Fazekas I Gy, Kósa F (1965b) Die Bestimmung der Körperlänge von Feten
auf Grund der Mabe einiger flacher Knochen. Dtsch Z ges gerichtl Med
58:127-141.
Földes V, Kósa F, Virágos Kis E, Rengei B (1982) Untersuchung des
Gehaltes der Knochen von in Krypten beigesetzten Leichen an
anorganischen Substanzen zwecks Feststellung des Todestermines.
XII. Kongress der Internationalen Akademie für gerichtliche und
soziale Medizin, Wien, 4 Bd 2
Földes V, Kósa F, Virágos KE, Rengei B (1981) Untersuchung des Gehaltes
der menschlichen Zähne an anorganischer Substanz mittels Atomab-
sorptionsspektrophotometrischer Methode. Beiträge zur gerichtl
Medizin, Wissenschftl Schriften der Humboldt-Univ zu Berlin, S 253-
259.
Földes V, Kósa F (1980) A holttest elföldelési idôpontjának megállapítása
csontvázleleletek alapján. (Determination of the chronological age on
the basis of buried skeletal findings.) Belügyi Szle 18: 108-110.
FöldesV, Kósa F, Virágos KE, Rengei B, Ferke Á (1980) Atomabsorptions-
speketophotometrische Untersuchung des Gehaltes an anorganischen
Substanzen von Skelettbefunden zur Ermittlung der Dauer des Beg-
rabenseins in der Erde. Arch Kriminol 166:105-111.
Földes V, Kósa F, Virágos KE, Rengei B. Ferke Á (1979) Atomabsorptions-
spektrophotometrische Untersuchung des Gehaltes an anorganischen
Substanzen von Skelettfunden zur Ermittlung der Dauer des Beg-
rabenseins in der Erde. Identifikation und Todeszeitbestimmung.
Aktuelle Untersuchungsmethoden. Martin-Luther Universität, Halle-
Wittenberg, Wissenschaftliche Beiträge, Halle/Saale III S 26-31.
Huxley A K , Kósa F (1999) Calculation of percent shrinkage in human
fetal diaphyseal lengths from fresh bone to carbonized and calcined
bone using Petersohn and Köhler,s data. Forensic Sci 44 (3):577-583.
Kósa F, Castellana C, Járdánházy F (1999) Differences in the diagnostis
of cause of death during forensic medical autopsies revealed during the
later examination of newborn skeleton. Med Legalis Baltica 11: 67-73.
Kósa F (1998b) Die Knochen des Feten und Neugeborenen. In Leopold D,
ed., Identifikation unbekannter Toter. Interdisciplinäre Methodik,
foren-sische Osteologie. Arbeitsmethoden der medizinischen und
natur-wissenschaftlichen Kriminalistik.
Herausgeber von S Berg und B Brinkmann, Band 22, Verlag Schmidt-
Römhild, Lübeck, S 503-555.
Kósa F (1998a) Magzati csontok vizsgálatának igazságügyi orvosi és
történeti embertani szempontjai. Anthrop Közl 39:147-166.
Kósa F (1997a) Demographic interpretation of bone tuberculosis in
historical anthropological material and in currently living populations.
The evolution and palaeoepidemiology of tuberculosis (Abstracts).
Internat Congress, Szeged. Hungary, September 4-7.
Kósa F (1997b) Determination of body length and age of human foetuses
and newborns of the basis of weights of limb bones. Acta Biol Szeged
42:225-234
Kósa F, Szabó Á, Duka F, Hódossy L, Polonyi Zs, Boda K (1995) Indi-
vidual personal identification by computer-aided superimposition
method. 6. Annual Meeting of Internat Assoc for Craniofacial Identifi-
cation, Boca Raton, Florida, November 8-11, IACI Program Abst p. 26.
Kósa F (1995a) Scanning electron microscopic and electron probe micro-
analysis investigation of human teeth for determination of individual
age Advences in Forensic Sciences (Ed: B Jacob, W Bonte) Vol 7
Forensic Odontology and Anthropology (in cooperation with K W Alt,
P. Pieper) Verlag Dr. Köster, Berlin, 1 Aufl - S 235-242
Kósa F (1995b) Characteristic morphological differences “black and white”
cranial fetal bones. In Jacob B, Bonte W, eds., Advences in forensic
sciences, Vol 7, Forensic odontology and anthropology Verlag Dr.
Köster, Berlin, 1 Aufl - S 104-111
Kósa F (1995c) Sex determination of human fetuses and newborns from
the dimensions of the pelvic bone. In Jacob B, Bonte W, eds., Advences
in Forensic Sciences, Vol 7, Forensic Odontology and Anthropology
Verlag Dr. Köster, Berlin, 1 Aufl - S 86-92.
Kósa F (1994a) Morphological racial differences of the skulls of “white and
black” human newborns. 5. Internat Symp on Craniofacial Identifica-
tion, Manchester University, England, October, 26-29, Abst p. 15.
Kósa F (1994b) Morphologische und deskriptive Unterschiede auf dem
Schädel von “weißen” und “schwarzen” Neugeborenen. Zentralblatt
Rechtsmedizin. Tagungsbericht: 73. Jahrestagung der Deutschen
Gesellschaft für Rechtsmedizin München, September, 6-10, Zbl
Rechsmed 42 (6):412-413.
Kósa F (1994c) Successful individual personal identification in two dubious
cases on the basis of the fragmentary cranium. IV. International
Meeting on Forensic Medicine Alpe-Adria-Pannonia, Italy, Grado,
May 12-14, Personal Identification. Proceedings, p. 87-103.
Kósa F, Antal A, Farkas I (1994) Scanning electron microscopic analysis
of teeth exposed to heat. XVI. Congr Internat Acad Legal Med and
Social Medicine, Strasbourg, France, May 31-June 2, Abstr p. 165.
Kósa F (1993a) Characteristic morphological difference on “black and
white” cranial bones. 13. Meeting of Internat Assoc Forensic Sci,
Düsseldorf, August 22-28, Abstr p. A158.
Kósa F (1993b) Sex determination of human fetuses and newborns from
the dimensions of the pelvic bone. 13. Meeting of Internat Assoc
Forensic Sci, Düsseldorf, August 22-28, Abstract p. A156.
Kósa F (1993c) Investigation of human teeth by scanning electron micros-
copy and electron probe microanalysis for determination of individual
age. 13. Meeting of Internat Assoc Forensic Sci, Düsseldorf August 22-
28, Abstr p. A170.
Kósa F (1993d) In memory of Prof. Dr. Imre András Lengyel (1934-1992.)
The connective tissue. A purveyor of bony substance. 9:(1)12-13.
Kósa F (1993e) Scanning electron microscopic and electron probe micro-
analysis investigations of human teeth for determination of individual
age. Medicina Legalis Baltica 3-4:21-32
Kósa F (1993f) Directions in dental anthropological research in Hungary,
with historical retrospect.In Haeussler AM, Irish J D, Hawkey DE, eds.,
Dental Anthropology Newsletter. Publ of the Dental Anthropol Assoc.
Ed.: 7:( 3)1-10.
Kósa F, Virágos KE, Rengei B (1992) Emberi csövescsontok kompkat
állományának anorganikus anyagtartalma. (Anorganic content of the
compact substance of the human shaft bones). Anthrop Közl 34:115-
126.
Kósa F, Antal A, Farkas I (1992) Scanning electron microscopic study of
the fetal bones for determining the age. Anthorpologie XXX/1: 27-33.
Kósa F, Antal A, Kiss Z, Farkas I (1992) Electron microprobe study of the
fetal bones to determine the age. Anthropologie XXX/1: 21-25.
Kósa F (1992a) Problems of organisation of DVI in Hungary from the
Viewpoint of Forensic Medicine. Newsletter. British Association for
Forensic Odontology, Spring.
Kósa F (1992b) Problems in organization of disaster victim identification
in Hungary from the sight of forensic medicine. Internat Org for
Forensic Odonto-Stomatology, 14(1) p. 15.
Kósa F (1991) Gerichtsmedizinische Organisationsfragen bei Massen-
katastrophen in Ungarn. Tagungsbericht: 70. Jahrestagung Deutsche
Gesellschaft für Rechtsmedizin. Internat Symposion über Massenka-
tastrophen, Lausanne, Sept 10-14 1991, Zentralbl Rechtsmed 36:S 215.




Kósa F, Antal A, Szendrényi J, Farkas I (1990) Scanning electron micros-
copic study of the fetal bones to determine the age. Arch Med Sad i
Krym T XL, 3-4:131-140.
Kósa F (1990b) The use of scanning electronmicroscopy for estimating age
at death in the adult skeleton. A J Physical Anthropology 81 (2):252.
Kósa F (1990c) Involution of the alveolar process of the toothless mandible
in the respect of determining age. Internat Symp on Paleopathol, Aug
31-Sept 2 Warsaw, Poland (Abstracts)
Kósa F, Antal A, Farkas I (1990) Electron probe microanalysis of human
teeth for the determination of individual age. Med Sci Law 30:109-114.
Kósa F (1990d) Age Estimation from the Fetal Skeleton. In Iscan MY, ed.,
Age markers in the human skeleton. Charles C Thomas Publisher,
Springfield, Illinois, Chapter 2, pp. 21-50.
Kósa F, Marcsik A (1989/90) Determination of blood typing on skeletal
remains from the Hungarian Conquest. Anthrop Közl 32:21-25.
Kósa F, Antal A (1989) Metrical and structural study of the dental canal to
determine the individual age. Proceedings of the XIX. Congr Internat
Acad Legal Med and Social Medicine, Liege, Belgium, Sept 11-17,
1988, Acta Medicinae Legalis et Socialis, Vol XXXIX/1:349-364.
Kósa F, Virágos Kis E, Rengei B (1989) Altersbedingte Veränderung des
Gehaltes menschlicher Knochen an anorganischen Substanzen. Acta
Biol Szeged 35:191-198.
Kósa F, Farkas I, Wittman Gy (1989) A csontok elektronmikroszondás
vizsgálata az individuális életkor megállapítására. Morph Igazságü Orv
Szle 29: 227-232.
Kósa F, Virágos Kis E, Rengei B, Földes V (1989) Untersuchung des
Gehaltes von aus Kriegsmabengräbern stammenden Knochen an
anorganischen Substanzen. Acta Biol Szeged 35:199-205.
Kósa F, Antal A (1988) Metrical and Structural Study of the Dental Canal
to Determine the Individual Age. Acta Medicinae Legalis et Socialis
XIV. Congr Internat Acad Legal Med, Liege, Sept 11-17, 1988. Abstr
Vol II 160-161.
Kósa F, Ferenczi R, Baláspiri L (1985) Untersuchungen des Aminosäure
gehaltes der Knochen zur Bestimmung ihres chronologischen Alters
mittels automatischer Aminosäureanalyse. Festschrift für Horst
Leithoff zum 65. Geburtstag. Kriminalistik Verlag, Heidelberg S 375-
387.
Kósa F, Kelemen J (1984) Sikeres személyazonosítás töredékes koponya
vizsgálatával. (Successful identification of a fragmental skull). Morph
Igazságü Orv Szle 24: 228-232.
Kósa F (1984) Rasterelektronmikroskopische Untersuchungen an mensch-
lichen Zähnen zur Altersbestimmung. Kriminalistik forens Wissenschft
55-56:97-102.
Kósa F (1983) Emberi csontok termogravimetriás vizsgálata és alkalmazása
az igazságügyi orvostani gyakorlatban. 4.Thermogrammetriai Szimpo-
zium. Abstracts 105-106.
Kósa F, Szendrényi J, Tóth V (1983) A fogak transzparenciájának vizsgálata
az életkor megállapítására. Morph Igazságü Orv Szle 28:286-291.
Kósa F, Marcsik A, Virágos KE, Rengei B (1982) Atomabsorptions-
Spektrophotometrische Untersuchung des Gehaltes Archaeologischer
Knochenfunde an anorganischen Substanzen zur Bestimmung des
chronologischer Alters. Humanbiol 10:121-134.
Kósa F, Rengei B, Földes V, Kónya K (1982) Thermogravimetrische
(derivatographische) Untersuchung menschlicher Knochen zwecks
Ermittlung der Dauer des Begrabenseins 12.Kongress der Internat
Akademie für gerichtliche und soziale Medizin, Wien, 4 B 4.
Kósa F, Földes V, Virágos KE, Rengei B, Ferke Á (1980) Atomabsorptions-
spektrophotometrische Untersuchung des Gehaltes fetaler Knochen an
anorganischen Substanzen zur Ermittlung des Lebensalters. Arch
Kriminol 166:44-50.
Kósa F, Földes V. Virágos KE, Rengei B, Ferke Á (1979) Spektrophotomet-
rische Untersuchung des Gehaltes fetaler Knochen an anorganischen
Substanzen zur Ermittlung des Lebensalters. Identifikation und
Todeszeitbestimmung. Aktuelle Untersuchungsmethoden. Martin-
Luther-Universität Halle-Wittenberg, Wissenschaftliche Beiträge,
Halle/Saale III S 23-25
Kósa F (1978) Identifikation des Feten durch Skelettuntersuchungen In
Hunger H, Leopold D, eds., Identifikation. Johann Ambrosius Barth,
Leipzig, S 215-241.
Kósa F (1974) Die Populationsgenetischen Beziehungen der Körperlängen
bestimmung auf Grund der Extremitätenknochenmabe von Feten.
Kriminalistik und forens Wissenschaften 17:59-74.
Kósa F, Fazekas I Gy (1973a) Emberi magzatok hallócsontjainak méretei.
(Measurements of auditory ossicles of human fetuses). Fül-orr-
gégegyógy 19:153-159.
Kósa, F., Fazekas I Gy (1973b) Regressions und Korrelationsunter-
suchungen fetaler Schädelbasisknochenmabe mit Hinsicht auf die
Geschlechtunterschiede. Gegenbaurs morph Jb 119: 336-345.
Kósa F, Fazekas I Gy (1973c) Feststellung der Körperlänge und des
Lebensalters von Feten auf Grund der Gröbenmabe der Gehör-
knöchelchen. Z Rechtsmed 71:264-269.
Kósa F, Fazekas I Gy (1973d) Morphologische Untersuchung fetaler
Schulter und Beckenknochen von gerichtsmedizinischen Gesichts-
punkt. Zacchia 47:445-456.
Kósa F, Fazekas I Gy (1973e) Les possibilités de détermination de l’age
foetal d’apres l’évolution morphologique des os de la base du crane.
Méd lég et dommage corp 6:250-257.
Kósa F, Fazekas I Gy (1973f) Magzatok életkormegállapításának lehetôsé-
gei a koponyaalapi csontok formafejlôdése alapján. Morph Igazságü
Orv Szle 13:219-225.
Kósa F, Fazekas I Gy (1972a) Les possibilités de la détermination de l’age
foetal d’apres les étapes évolutives (transformations) des os de la voute
du crane. Méd lég et dommage corp 5:339-346.
Kósa F, Fazekas I Gy (1972b) Életkormegállapítás lehetôségei a magzatok
koponyatetô csontjainak fejlôdési stádiuma (formaváltozás) alapján.
(The possibilities age determination after the morphological charac-
teritics of the vault of the cranium). Biol Közl 20: 73-80.
Kósa F (1969) Magzatok testhosszának és életkorának meghatározása
csontméretek alapján. Kandidátusi értekezés, Szeged.
Langer K (1872) Wachstum des menschlichen Skelettes. Denkschr Ksl
Akad Wien, Math Naturwiss Kl 31: 1-106.
Landois L (1869) Über das Wachstum der Diaphysen der Röhrenknochen
des Menschen während des intrauterinen Lebens. Ein Beitrag zur
Entwicklungsgeschichte des Knochensystems. Virchows Arch path
Anat 45: 77-79.
Marcsik A, Kósa F, Kocsis G (1992) The possibility of age determination
on the basis of dental transparency in historical anthropology Smith
P, Tchernov E, eds., Structure, function and evolution of teeth. Freund
Publishing House Ltd, Tel Aviv, 527-538.
Marcsik A, Kósa F, Kurucz E (1984) Scanning elektronmicroscopic
investigation into paleopathological findings (porotic hyperostosis). V.
Eur Meeting, Siena, Paleopathol Assoc Public, Siena Univ, 219-234.
Marcsik A, Kósa F (1976) Újabb adatok egy vitatott paleopathologiai lelet
etiológiájához, szövettani lelet alapján. Anthrop Közl 20: 27-131.
Marcsik A, Kósa F (1974) Pathological aspects of paleoanthropological
finds. Acta Congr Internat 24. Historiae Artis Med, Budapest, 1301-
1307.
Olivier G, Pineau H (1960) Nouvelle détermination de la taille foetal d,apres
les longueurs diaphysaires des os longs. Ann méd lég 40:141-144.
Saettele, R (1951) Körpergröbenbestimmung menschlicher Früchte an
Hand der Längenmabe einzelner Skeletteile oder deren Diaphysen.
Dtsch Z ges gerichtl Med 40:567-577.
Seibert E O (1941) Die Altersbestimmung menschlicher Früchte und ihre
gerichtsmedizinische Anwendung. Dtsch Z ges gerichtl Med 34:471-
533.
Szász B (1938) Knochendimensionen des Fetus. Internationaler Kongress
für gerichtliche und Soziol Medizin, Bonn, p. 518
Toldt C (1882) Die Knochen in gerichtsmedizinischer Beziehung. Masch-
kas Handbuch der gereichtlichen Medizin, Laupp,sche Buchhandlung,
Tübingen Bd III S 483-512.
